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Epstein-Barr virus (EBV) establishes a life-long persistent infection
in most of the human population. In the peripheral blood, EBV is
restricted to memory B cells that are resting and express limited
genetic information. We have proposed that these memory cells
are the site of long-term persistent infection. We now show that
memory cells in the tonsil express the genes for EBV nuclear
antigen 1 (EBNA1) (from the Qp promoter), latent membrane
protein 1 (LMP1), and LMP2a but do not express EBNA2 or the
EBNAS3s. This pattern of latent gene expression has only been seen
previously in EBV-associated tumors such as nasopharyngeal car-
cinoma, Hodgkin’s disease (HD), and T/NK lymphomas. Normal
circulating memory B cells frequently reenter secondary lymphoid
tissue, where they receive signals essential for their survival.
Specifically they require signals from antigen-specific T helper cells
and from antigen itself. LMP1 and LMP2 are known to be able to
generate these signals in a ligand-independent fashion. We sug-
gest, therefore, that the transcription pattern we have found in
latently infected, tonsillar, memory B cells is used because it allows
for the expression of LMP1, LMP2a, and EBNA1 in the absence of
the immunogenic and growth-promoting EBNA2 and EBNA3 mol-
ecules. LMP1 and LMP2a are produced to provide the surrogate
rescue and survival signals needed to allow latently infected
memory cells to persist, and EBNA1 is produced to allow replication
of the viral episome.

pstein-Barr virus (EBV) establishes a life-long, persistent,

latent infection of B cells in >90% of the human population
(reviewed in ref. 1). This infection is usually benign but occa-
sionally is associated with lymphoma or carcinoma. Currently,
very little is known about how EBV sustains a persistent
infection in vivo. Restricted, latency-associated, viral gene tran-
scription programs have been discovered in tumors and tumor-
derived cell lines, but it has yet to be demonstrated that these
programs are part of the normal biology of viral persistence in
vivo (reviewed in ref. 1).

Recently, a form of latent infection was described for infected
cells in the peripheral circulation of healthy carriers. In this case
no viral latent genes are expressed (2), with the possible excep-
tion of latent membrane protein 2a (LMP2a) (3-5). The latently
infected cells are remarkably specific in cellular phenotype,
being restricted to resting memory B cells (6-8, 48). Based on
these observations we proposed that life-long, persistent infec-
tion by EBV is maintained within the B cell memory compart-
ment of the peripheral blood (6, 9, 10) and proposed that this
form of infection be referred to as the latency or true latency
program.

We reasoned that if EBV persists in a transcriptionally qui-
escent state in peripheral memory B cells, then there must be a
mechanism to ensure the long-term survival of these latently
infected memory cells. Normal memory B cells in the peripheral
blood are also quiescent; however, their survival is absolutely
dependent on two signals that the cells receive when they enter
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secondary lymphoid tissue. The first is supplied by antigen-
specific T helper cells (11), and the second is transmitted through
the antigen receptor (12, 13). The EBV encoded latent mem-
brane proteins, LMP1 and LMP2a, are capable of delivering
these two signals in a constitutive and ligand-independent fash-
ion (14, 15). We hypothesized that latently infected, memory B
cells recirculating into lymph nodes may express LMP1 and
LMP2a to generate the signals necessary to ensure the long-term
survival of the cells in the memory compartment. There are two
known transcription programs that could allow for such expres-
sion of LMP1 and LMP2a. The first and best characterized
occurs when EBV infects normal B cells in vifro (reviewed in ref.
16). The infected B cells become proliferating activated lym-
phoblasts that express all of the known latent proteins, including
six nuclear antigens (Epstein—Barr virus nuclear antigens, EB-
NAs) and the LMPs. We refer to this as the growth latency
program. With this transcription program, expression of all of
the latent genes depends on the viral transcription factor
EBNAZ2 (17-19). This is an unlikely program to be used for the
maintenance of persistent infection because it may lead to
unregulated growth of the latently infected cells, and it is unclear
how a memory cell expressing this program could turn it off and
enter into a resting state. Furthermore, certain latent proteins,
especially EBNA?2 and the EBNA3s, encode potent epitopes that
are recognized by cytotoxic T cells (20). Cells expressing these
epitopes would be rapidly destroyed.

The other program that allows for the expression of LMP1 and
LMP?2 is the restricted form of latency, mentioned above, that is
found in the EBV-associated tumors, including Hodgkin’s dis-
ease (HD) (21-24), nasopharyngeal carcinoma (25-27), and
EBV-associated T/NK lymphomas (28, 29). In these tumors
latent gene expression is limited to the expression of EBNAI,
LMP1, and LMP2. EBNA2 and the EBNA3s are not expressed.
Because EBNAZ2 is absent, EBNAI1, which is essential for the
maintenance of the viral episome (30), cannot be made from the
promoters used in the growth program. Instead it is expressed
from a unique, EBNA2-independent promoter called Qp (31,
32). Because this type of transcription pattern allows EBNA1
expression without the highly immunogenic EBNA2 and
EBNA3 proteins, it has been proposed that limited transcription
programs, involving EBNAI1 from Qp, might be expressed in
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cells responsible for long-term persistence in the blood (1, 33,
34). However, EBNAL1 expression from Qp in the blood has only
been detected by one group, and then only in a few healthy
carriers (5). Other groups have failed to reproduce this obser-
vation (3, 8).

Based on the arguments detailed above, we reasoned that
memory cells expressing a restricted pattern of latency, involving
EBNA1 from Qp plus LMP1 and LMP2, should be present in the
lymph node, not the peripheral blood. To test this idea we have
used reverse transcription-PCR (RT-PCR) to analyze the state
of viral gene expression in memory B cells within the lymphoid
tissue. Specifically, we have performed RT-PCR for EBNA2/
EBNA3s versus EBNAI1 from Qp to distinguish the growth
program from the restricted forms of latency found in the
tumors, combined with RT-PCR for LMP1 and LMP2. We chose
the tonsil for our studies because there are well-defined, specific
markers for identifying and isolating functional subsets of ton-
sillar B cells (35, 36), and the tonsil is a known site of viral
infection and persistence (37). We found that highly purified
memory cells from the tonsil express EBNA1 from Qp, LMP1,
and LMP2a in the absence of detectable EBNA?2 and EBNA3s.
This is the first report of an infected B cell subset consistently
producing EBNAL1 from Qp. We suggest that this transcription
program is part of the normal biology of EBV infection, and
memory cells expressing this program represent an essential
stage in the long-term maintenance of the virus in the memory
compartment.

Materials and Methods

Sample Preparation. Tonsils, obtained from patients undergoing
routine tonsillectomies at the Massachusetts General Hospital,
were minced in 1X PBS/0.5% BSA, and the resulting suspension
was passed through silk screen to remove any connective tissue.
The lymphocytes were isolated by Ficoll-Hypaque (Amersham
Pharmacia) centrifugation, washed two times with 1X PBS/0.5%
BSA, and resuspended at 2 X 107 cells/ml.

Lymphocyte Fractionation. Naive (IgD+) B cells were isolated by
positive selection, using the magnetic bead cell sorting (MACS)
(Miltenyi Biotec, Auburn, CA) system as described previously
(6). The memory B cells (IgD— CD10—) were isolated by a
combination of MACS and fluorescence-activated cell sorting
(FACS). Lymphocytes were incubated with biotinylated anti-
bodies to IgD (0.060 wg/ml; Southern Biotechnology Associates)
and CD3 (0.03 pg/ml; PharMingen) and fractionated by using
the MACS system (Miltenyi Biotec). The negatively selected
cells (CD3—, IgD—) were stained with phycoerythrin (PE)-
coupled aCD10 (1:50; PharMingen) and FITC-coupled algD
(1:500), and the CD10— IgD— B cells were sorted with a
FACSort. Samples of the isolated cells were stained with the
indicated markers for FACS reanalysis to confirm purity (Fig. 1).
All separations and manipulations were performed at 4°C.
Because of the lack of biotinylated antibodies for the markers
IgA, IgM, and IgG, populations selected for expression of these
markers were obtained by FACS separation. For analysis of
memory B cells expressing different isotypes, [gD— CD19+ B
cells were isolated by MACS as described above, and the cells
were costained with anti-CD20-FITC (DAKO) and PE-coupled
anti-IgA, IgM, or IgG (Southern Biotechnology Associates).
Relevant populations were sorted on a FACStar Plus (Becton
Dickinson) or a MoFlo (Cytomation, Fort Collins, CO).

RT-PCR. RNA was purified from 5 X 10° cells with Trizol
(GIBCO) as described by the manufacturer. If necessary, lym-
phocytes from an EBV-negative tonsil were added to samples to
bring the cell number up to 5 X 10°. ¢cDNA was prepared as
described previously (6), except that the 20-ul cDNA mixture
was not ethanol precipitated, but brought up to 100 ul with
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Fig. 1. FACS analysis of the purified memory population. Whole tonsillar

lymphocytes were depleted of IgD+ naive B cells and CD3+ T cells by MACS.
The depletions were 99% efficient. The resulting population was stained for
CD10 and IgD expression, and the memory B cells (IgD—, CD10—) were
separated from the germinal center B cells (IgD—, CD10+) by FACS. (A)
Unfractionated tonsil cells stained with FITC anti-CD20 (a pan-B cell marker)
and PE-coupled anti-IgD. (B) FACS reanalysis of the purified populations with
FITC anti-CD10 and PE-coupled anti-IlgD (Left) or FITC anti-CD20 and PE-
coupled anti-CD10 (Right). Note that the purified population is 95% pure B
cells, based on restaining for CD20, and contains only 0.1% IgD+ (naive) and
0.5-0.8% CD10+ (germinal center) B cells.

HPLC H,O and used directly. PCR was performed on the
synthesized cDNA for EBNA-1(Q-K) (EBNA-1 from the Qp
promoter), EBNA-2, LMP-1, and LMP-2a. The reaction was
carried out in a final volume of 50 ul of reaction mix, which
consisted of 50 mM KCI, 20 mM Tris (pH 8.4), 2.5 mM MgCl,,
0.2 mM dNTPs, and 20 pM each of the amplimers (final
concentrations). The exception was LMP1, for which 3.0 mM
MgCl, was used. The amplimers were as follows: EBNA1(Q-K),
5'-TGGCCCCTCGTCAGACATGATT-3" and 5'-AGCGT-
GCGCTACCGGAT-3" (gift of Sam Speck); EBNA-2, 5'-
CATAGAAGAAGAAGAGGATGAAGA-3" and 5'-GTA-
GGGATTCGAGGGAATTACTGA-3' (4); LMP-1, 5'-TTGG-
TAGTACTCCTACTGATGATCACC-3" and 5'-AGTAGATC-
CAGATACCTAAGACAA GT-3' (4); LMP-2a, 5'-ATGACT-
CATCTCAACACATA-3" and 5'-CATGTTAGGCAAA-
TTGCAAA (4). Master mixes containing the above conditions
were aliquoted to 200-ul Microamp reaction tubes, and 20 ul of
the cDNA suspension described above was added. Given that the
cDNA synthesis reaction was in 100 ul, it was possible to perform
RT-PCR for all four latent genes described above from one
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Table 1. Frequency of EBV-infected cells in the tonsillar memory
B cell compartment

No. of infected cells per 107 total cells

Number of EBV+ Cells
0 05 1 5 10

Tonsil Total B Naive Memory
1 >400 350 215
2 100 20 180 Li i i1 1111111111
3 1,500 450 2,200
4 60 30 140
5 150 75 100

Tonsils 1, 2, 3, and 4 are tonsils 1, 2, 4, and 5 in Fig. 3.

cDNA pot. Reactions were incubated at 95°C for 5 min, and 1
unit of Tag DNA polymerase (Perkin—Elmer) was added to each
tube. The tubes were loaded into a Geneamp 9600 thermocycler,
and the following conditions were run: for EBNA-1(Q-K) and
EBNA-2, 95°C for 15 s, 62°C for 30 s, and 72°C for 30 s, repeated
for 40 cycles; LMP-1, 95°C for 15 s, 65°C for 30 s, and 72°C for
30 s, repeated for 40 cycles; LMP-2a, 95°C for 15 s, 55°C for 30 s,
and 72°C for 1 min, repeated for 40 cycles. All PCRs were
concluded with a 5-min incubation at 72°C to complete the
extension of all synthesized products. PCR products were visu-
alized by Southern blotting as described above. Blots were
probed by using PCR product derived from the IB4 or RAEL cell
lines.

Limiting Dilution DNA PCR. To determine the absolute number of
infected cells in each population, a limiting dilution DNA PCR
analysis was performed as described previously (2, 38). Isolated
populations were serially diluted, and replicates (usually eight)
of each cell number were aliquoted at the desired number into
a 96-well V-bottom microtiter plate (Nunclon; Nalge Nunc
International, Roskilde, Denmark). Serial dilutions were never
performed on cell extracts or isolated DNA. The cells were
pelleted; the supernatant was aspirated; 10 ul of a lysis solution
containing 0.45% Tween-20, 0.45% Nonidet P-40, 2 mM MgCl,,
50 mM KCl, 10 mM Tris (pH 8.3), and 0.5 mg/ml proteinase K
was added to each well; and the plate was incubated for at least
2 h at 55°C. After incubation, the plate was centrifuged quickly
to remove condensation from the lid of the plate. PCR was
performed in a final volume of 50 ul per reaction. Five micro-
liters of cell lysate was added to each PCR reaction. The PCR
and Southern blotting conditions used to detect the PCR prod-
ucts were as described previously (7). The DNA PCR can detect
the presence of a single viral genome in as many as 10°
uninfected cells. Poisson statistics were used to calculate the
frequency of EBV-infected cells.

Results

EBV Is Present in Tonsillar Memory B Cells. We isolated memory B
cells from whole tonsils by negative selection. T cells, naive B
cells, and germinal center B cells were depleted with anti-CD3,
anti-IgD, and anti-CD10, respectively. A FACS analysis of the
final isolated, IgD—, CD10— memory population is shown in
Fig. 1. The purified memory population consisted of 95% pure
CD20+ B cells contaminated with <1% CD10+ (germinal
center) or IgD+ (naive) B cells. Table 1 shows the frequency of
virus-infected cells within the memory (IgD—, CD10—, CD20+)
population compared with total B cells (isolated by positive
selection for CD19 expression) and naive B cells (isolated by
positive selection for IgD expression) (6). The results for all five
tonsils show that there are significant numbers of infected
memory cells, ranging from 1 to 22/10° B cells, which cannot be
accounted for by contamination from other populations. We
have previously shown that all IgD—, CD20+ cells in tonsils are
latently infected (6), and no viral replication is ongoing in this
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Fig. 2.  Sensitivity controls for the RT-PCR analysis. EBV-positive cells from a
cell line were spiked into 5 X 108 EBV-negative tonsillar lymphocytes at the
numbers indicated before RNA extraction and cDNA synthesis. Each number
of cells was tested independently in triplicate. The cell lines used were 1B4 for
EBNA2, LMP1, and LMP2a and RAEL for EBNA1(Q-K).

population. Therefore, we conclude that there are latently
infected, memory B cells in the tonsil.

EBV Latent Gene Expression in Tonsillar Memory B Cells. To assess
latent gene expression in the purified memory cells, we used
RT-PCR to test for expression of the indicator genes that
distinguish the tumor-associated pattern of gene expression
[EBNA2—, EBNA1(Q-K)+, LMP1+, LMP2+] from the in vitro
lymphoblastoid form of latency [EBNA2+, EBNA1(Q-K)—,
LMP1+, LMP2+]. Sensitivity controls for the RT-PCR assay are
shown in Fig. 2. It is apparent that all four assays can detect as
little as a single cell from a tissue culture cell line. Because the
transcript copy numbers in the cell lines or in vivo are not known,
we cannot be sure of the absolute sensitivity of the assays.
Nevertheless, the results shown indicate that the assays are highly
sensitive and provide a control for experiment-to-experiment
comparisons. The results of the RT-PCR analysis for memory
cells from six different tonsils are shown in Fig. 3. EBNA1(Q-K)
was detected in 5/6, LMP1 in 6/6, and LMP2 in 5/6 of the tonsils
tested, whereas EBNA?2 was never detected. In a separate set of
experiments, using assays that routinely detected expression in a
single EBV-positive cell from a cell line, we were unable to detect
expression of EBNA 3a, b, or c in the IgD— cells from five
separate tonsils (not shown).

Quantitative Analysis of the Expressed Latent Genes. For three
tonsils, where positive signals were obtained for EBNA1(Q-K),
LMP1, and LMP2, we performed serial dilutions of the memory
cells before RNA purification for RT-PCR analysis of the four
indicator genes. The details of one such experiment are shown
in Fig. 4. EBNA2 was never detected at any of the dilutions
tested, but the signals for EBNA1(Q-K), LMP1, and LMP2 were
detected in as few as 10° cells. By comparing this end point to the
measured frequency of infected cells in the population (2 in 10°),
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Fig.3. RT-PCR analysis for EBV latent gene expression in tonsillar memory B
cells. RT-PCR analysis for the latent genes EBNA-1(Q-K), EBNA-2, LMP-1, and
LMP-2a was performed on 108 purified memory B cells from six independent
tonsils. For details see Materials and Methods. The migration points for the
PCR products are indicated by arrows.

it was possible to estimate that no more than two infected cells
were required to detect the latent genes (tonsil 2 in Table 2). The
results from all three tonsils tested are summarized in Table 2.
Taken together, these experiments demonstrate that 20-100%
of the infected memory cells are expressing EBNA1(Q-K),
LMP1, and LMP2. These results exclude the possibility that the
RT-PCR signals we are detecting are caused by spurious con-
tamination with some other B cell subset. Therefore, all three
genes are expressed in a large fraction of the infected memory
cells, and they are probably expressed together in the same cell.
If we assume, based on the cell line controls, that we can detect
a single cell expressing EBNA?2 transcripts, then we may con-
clude that less than 2% of the infected memory cells in vivo
express EBNA2. This is exactly the phenotype of the EBV-
associated tumors and represents the first demonstration that
this phenotype can occur in a normal B cell population.

The IgD—, CD3—, CD10— B Cells Express Surface Ig. Most of our
experiments were performed with memory cells defined as
IgD—, CD3—, CD10— B Cells. However, it was possible that the
infected cells reside in an aberrant slg-negative subset that
copurified with the memory cells. To test this hypothesis we have
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Fig.4. RT-PCR analysis of titrated memory cells. Memory cells were isolated,
and RT-PCR analysis for EBNA-1(Q-K), EBNA-2, LMP-1, and LMP-2a was per-
formed. The number of cells tested for each dilution is shown. For each
dilution tested the number of cells was brought up to 5 X 106 by the addition
of EBV-negative tonsillar lymphocytes before RNA extraction and cDNA syn-
thesis. EBV-negative tonsillar lymphocytes (5 X 108) were also used as the
negative control. The migration points for the PCR products are indicated by
arrows.

positively selected the memory population for the expression of
slg, using antibodies that recognize the IgA, IgG, and IgM
isotypes. In these experiments both the DNA PCR (not shown)
and RT-PCR signals (Fig. 5) fractionated with the sIg-positive

Table 2. Fraction of EBV-infected memory cells expressing
EBNA1(Q-K), LMP1, and LMP2

Tonsil 1 2% 3*
Frequency of infected cells per 10> memory cells 10 2 20
No. of infected cells required to detect LMP1 1 =2 =2
No. of infected cells required to detect LMP2 =5 =2 =2

No. of infected cells required to detect EBNA1(Q-K) =5 =2 2-20
No. of infected cells required to detect EBNA2* >100>40 >200

The number of infected cells required to detect the latent genes was
estimated from the minimum number of cells required to detect a signal in
titrations of the type shown in Fig. 2 for tonsil 2. The estimated number of
infected cells for each cell number tested in an RT-PCR reaction was derived
from the frequencies measured with the limiting dilution DNA PCR method.
*Tonsils 2 and 3 are from Table 1 and are numbers 2 and 4, respectively, in

Fig. 1.
TEBNA2 was never detected in any samples.
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Fig. 5. RT-PCR analysis of tonsillar ymphocytes fractionated on the basis of

slg expression. Purified memory cells were labeled with FITC-coupled anti-IgG,
IgM, and IgA, and cells from the positive and negative fractions were isolated
by FACS. RT-PCR was performed on 10° cells of each population, as described
in Fig. 3 and Materials and Methods. The positive controls were five cells from
an EBV-positive cell line brought up to 5 X 106 by the addition of EBV-negative
tonsillar lymphocytes before RNA extraction and ¢cDNA synthesis. EBV-
negative tonsillar lymphocytes (5 X 106) also were used as the negative
control.

cells, indicating that the latently infected B cells were bona fide
memory cells.

Discussion

We have discovered that tonsillar memory B cells express a
restricted pattern of latent gene transcripts (EBNA1(Q-K)+,
EBNA2-, EBNA3—, LMP1+, LMP2+) that resembles that
described previously only in the EBV-associated tumors. Previ-
ous studies have used RT-PCR to detect the EBNAI1 transcript
arising from the Qp promoter, to test for restricted forms of EBV
latency in the peripheral blood. One study reported that these
transcripts were present in the blood of a few healthy carriers (5),
but these studies have not been confirmed by our (8) or other (3)
laboratories. By comparison, we have found these transcripts in
memory cells from 80% of tonsils tested. Furthermore, the
RT-PCR signals we obtained were strong and unequivocal and
titered out to the cell number expected from the known fre-
quency of virus infected cells in the memory populations.
Because our RT-PCR includes the ORF for the protein, we can
conclude that we are detecting bona fide transcripts and not the
aborted Qp transcripts reported to be present in all EBV-
infected cells (39).

It has been hypothesized that the expression of EBNA1(Q-K)
alone would characterize the site of long-term persistence (1, 33,
34) because EBNAL is not recognized by cytotoxic T lympho-
cytes (40). Our data suggest instead that it is the tumor-
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associated transcription pattern that is associated with long-term
persistence. The function of EBNA1(Q-K) is most likely to allow
EBNAL1 expression in situations where growth and or survival of
the latently infected cells depends, not on the EBNA2-driven
growth program used in immortalized lymphoblasts, but on the
expression of LMP1 and LMP2a alone. We propose that LMP1
and LMP2 are expressed on tonsillar memory B cells to provide
the surrogate T cell help and B cell receptor signals that memory
cells require for long-term survival. If this hypothesis is correct,
then memory cells persistently infected with EBV may not be
true antigen-dependent memory cells, but cells that have been
signaled into the long-term memory compartment through the
actions of the latent proteins LMP1 and LMP2.

Previous studies have used in situ histochemistry to identify
latent gene expression in tonsils. However, these studies are
usually performed on tonsils from patients with infectious
mononucleosis (37, 41), because the frequency of infected cells
is much higher in these individuals than in healthy carriers.
Unfortunately it is not clear whether infectious mononucleosis
is representative of persistent infection or represents a patho-
logical and, therefore, atypical type of infection. The fre-
quency of infected cells in the tonsils of healthy carriers, such
as we have studied here, is around 1 in 103 (see Table 1), which
is too low to be analyzed meaningfully by in situ studies. Our
studies, detecting viral DNA and gene expression by PCR in
large numbers of highly purified B cell subsets, provide an
alternative experimental approach to the difficult problem of
defining EBV latent gene expression in vivo in healthy carriers.
Although our experiments do not address the issue of gene
expression at the level of the protein, it is nevertheless clear
that we have demonstrated a tight regulation in the expression
of EBV latent genes in tonsillar memory cells at the level of
mRNA.

The expression of the EBNA1(Q-K)+, LMP1+, EBNA2—,
EBNA3— program in virtually every EBV-associated tumor,
with the exception of those found in immunosuppressed
patients, suggests that this transcription program may be the
preferred program that the virus uses in latently infected cells.
For this reason we propose that this form of latency be called
the default program. In support of this conclusion we have
observed that fractionation of tonsillar memory cells into
resting and activated populations, based on cell surface mark-
ers, reveals that EBNA1(Q-K) transcripts are only found in the
activated population (data not shown). By comparison LMP2
transcripts are detected in both populations, and LMP?2 is the
only latent gene found to be expressed in the resting memory
population, the same result as found in peripheral blood.
Because the EBNA2 and EBNA3 molecules, found in the
growth program and in tumors of immunosuppressed patients
(42, 43), are the primary targets of the cellular immune
response (20), the default program may in part represent a
mechanism of immune evasion for both the normal infected
memory B cells and the tumors.

The discovery that the default program is used by tonsillar
memory cells is particularly interesting in the context of HD. The
demonstration of hypermutation within the Ig genes of HD
tumor cells led to the suggestion that HD is derived from a B cell
that was post-germinal center in origin (44). The data presented
here are consistent with that idea and raise the possibility that
EBV-positive HD is a tumor of latently infected memory cells
that are resident in secondary lymphoid tissue and normally
express the default transcription program. If these cells genu-
inely represent an essential intermediate state in the mainte-
nance of latently infected memory cells, then they would be
expected to turn off latent gene expression as they exit the cell
cycle and leave the lymph nodes to enter the peripheral circu-
lation. However, if the cells acquired a mutation that prevented
them from undergoing this differentiation step, they would not

Babcock and Thorley-Lawson



exit the cell cycle and the result could be constitutive expression
of LMP1 and LMP2. It is already well established that consti-
tutive, unregulated expression of LMP1 can be oncogenic in
experimental systems (45-47).

In conclusion, our experiments provide evidence that the
default latency program, previously found in EBV-associated
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